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— Actmowledassent 4s anes mate Tor the aseistence y 
of Sechinist G. Surong in = construction of 
Seeligniaal elesents. | 
GQther members of the faculty and ateff eiaed 
materially in cerrying cut various phasas of the 
work, Acinowledgenant ie ¢sdé to £11 for their 
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I AASTRACT 

& machine wes teriqamed ane conatructe®d that was 
intenmied te deliver en impact low® of high energy . 
on a tensile spécimen at areeils varying from 100-699 
ft. per second. Inetrummentation, weing rewietance 
type atrein gomges was set «ep te peagure end record 
strain versus time et tec points on the sample 
during the peried of rupture. Cne specimen was tested 
at 57 fpe with this arrangewent. wo other #pecitent® 
rere tested without puatemesn sation at 132 and 189 fps. 

Eheage tt on and rutuntion of area data ere 
compared Sith static Values. highest velocity tect 
en clement of the machine feiled mechenteslly an pt 
an ent to tenting. oe indiceted further 
modi ti cations of nactine and ins truxen tation are 
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neceesery before ioge-eenle ravestignbions cen be 
undertaken. ” Mires of tests on 2S alweinum choned 
Anerensing @uetiiity and reduetion of erea Fi th 

ane ce spent in region hbeyon? critical speed contrery 


to usually mecepted theory. 
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Lili INTMOLUUTIL OS 


ihe @ver-sounting demen4t fer speed and gore 
speed in the rotating an@ trenslatory devices of a 
modern technology that is remching for the leapt 
fraction of inereaged efficieney has, in the iart 
decade, confronted designers ond engineers With the 
problem of designing for impact gt igh velocities. 
Admittedly the preblem insofar as atrength mlone is 
ecneerned can »e cireunvented by liberal ayplication 
of very arbitrary safety feetors and this, in renerel, 
has been the rie for static structures. There ore 
certain fields, hovever, in which the rewerds acerving 
to ® Guperior denicn thet tates fullest sdvan tage 
of the true fmpect atrength of the meatorialse in use 
ere #o rich thet the principles of such design methods 
ean no longer he overlooked. This 19 most true in 
éppliecetions where welmeht te an ievertent Tector 
and merely fettenine up ® seetton eannot replece a 
thorough and logical stress analysis. Ordnante 
equipment of verious types, both projectiles and 
launching structures, eireralt alenents, blaet-proof 
desitens, end applications in a yet unpredictable atomic 
energy technology, nipbt de listed awony the fields 








that wonld Oe moet affected DF BB Complete exporition 
of the high velonity impact problem, resulting, 
it might remesanably be emected, in desinne of 
bigher offiecieney and greater economy. 

Prior to about 1936, very Little wae knom 
ef the behavior of materi#is unier high velocity 
lomding. At that tise @. ©. Mann efrried out a 
series of tests’ which opened the field and 
pointed up the vrevailing ignorance of the funila- 
Sertal theory underlying the phenomena observed. 
It may be said that the presentation of the subject 
as © légitioete Sneizgtical >raned of aateriale 
theory came with the reading in 1°41 of a paper 
by Iheodore Von Karan before the Nationel Acedeay 
of Science, “Cn the Rronogstion of Plastic Deformation 
in Solids"*), in which was introduced an anelysie 
and ® theoretiesi basic for the behavior of eaterisle 
under hig velocity impact. Since then, several 





investivatious have been carried out whieh have 
audetantiated in some ways von Larwan's prorosed 
theory, whi in its amended form it stande todey ae 
the authority whon which the new study im daeed. 

It doew not by itself sive the anewere. Jagt as the 
theory of elenticelty 40es not solve #11 static design 


Problems, the von Keraen work in clearly limited bp 
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neeacertionga we nom—taderl canfitions. It 11, 
Dowwve:, serve st w Mleome [aundation wron wich 
iOVecetiostors cen base future reneared projects 


into BOre® enpecific qué@stians of the Tield, 


Seary GF dscns? 
“itthin De elestic Tiett of = anterial, tae 
etreas im « powi-infinite ber «ith one end fized 
whoo other end ia ingtuntly subjected to any 
velocity ¥, can be computed from tue following reletion- 
‘Ce Mee C1 = <.6,% 
where eC = total str 
Vo = Velocity af end of ber 
t = time after vlocity began 
€ = unit strain in ber 


1 = length of strained part of dar = Siptence 
atrere wuve bes progress im time t. 


” "e © veloetty af atvene ave “ff aes 


wo V4 = é.¢ 





e= 
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ati streee in part of ber being strained = c= a a 
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ilmtodore von tf&rean about 194% vwunfertoo® the ertemeion 
of this method of rations] amelyris into the plegtica 


renge &F introducing the verisble slons hm a? © 
de 


wubstitute for & to imclud@® the fleaetic region of ti 
stress etrein curve. it then follows that the veloci tp 


of the plestic stress Wave becomes, 


Ve ° see 


So for the sane ease es ebove in both elartic ana 


Dinstic renges 


e = s V.. t. ae by anelory 
60 ¥, = ah Ve Oe 
or «a = (es - 


When if € be eeetened the value corrpepenting to 
the strain at wick necking begins, “m, the 
reycired igpect wal pan ty th epuse abrupt fetlare 
at the marae ent = te are | 


tiven the etetic wattay strain curve for the material, 
the velow of the istegrel can be computed. hie 


=6- 


value ¥, is then know os the “eritical velgeity” 
or thet velocity at which feilttre will occur et 
the ertreme end of the ber and no plastic 
Goforestion will take place heyoni it. 

This Imilure ite expposefly characterise’ by 
low sbsorotion of energy and emall total elongation. 
It i important to not# that slthough V, a2 applied 
to the ent of the ber is assumes eonetant, it Gay 
be attained in any @gnner ent still esuse failure 
thowsh,in the progressive case, Simatic etreins 
may be Found in regions removed from the end. 

The above discuseton althourh neeessorily 
abbreviated, sreeents the principal points of the 
generally accepted theory geverning igh velocity 
impact. This paper pees in the Lisévaxten of 
resul te, en application of the eritien) velocity 
emangt to the material being ey eee, 

in asleetsie . topic for ‘thentes work, the 
inenstize tore decided thet it ooula be #& even 
forward to have evatlabie at tha Institute, « 
seeunt ve which high wolensy tenact inv@stivations 
niebt he eartiet on by forure workers. There are 
very few such machines tn extetence. It we hored 
tha t ort Pould be completed in time to sllow 
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sieple teeter of alumiuum specimens to 

detarmineg what infotwetion @eiaht De ehtedoad Iron 
thes. The crooner ant coeplete gstwly of Bagh 
velocity ig@puct @upt eventumlly include point 

te point determinetion of strené ead strain in 
the slaetic and plastic ranges of gayples subjectot 
to teneile, compressive, bending. and torsional 
forces. This world be a formicable unéertakinz. 
(it was decided to restrict the project to 

tensile tegte applied to conventional tenetie 
specimens, to measure etrein at geversl points 

on the specimen, amd to confine instrumentation 
to thet required for recording strain vereue time. 
This implies aglecting enercy of Iraetmre, a 
ebarecteristic considered most importent in the 
conventional Charpy aud aod testa. However, 

& preliginary stuly cf wort performed on the 
subject indicates beyond reason ble Goubt that 

at r@letively low velocities the energy absorbed 
by the specimen approaches zero. The wark 
conteupleted being deyon’ this velocity range, 

it wee @erifed to neglect energy an indicative of 
impact properties ami to conemntrate efforts unov 
s estoy of Quctility, stress, and strain éiatribution 
in the speeinmen. 
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Ly ifecleias aPD cat etLaAL 


the @ateriel used for all of the testh vas 
2S alaginum. It ene receiwed ae $” Giameter 
bar stock and was subsequently machined to the 
shape shown in Tig. (1). The specimane shom 
with the longer @ndig were used vee stetic tests 
ani those with the short ends for the Qrnamic teste. 
The atatic testa were wade using @ Wiehle, 
(30 ,000 Lb, canned ty) , lomding anechine for weasuring 
the load and en 4-6 electric strain ene for 
meariring the etrain. <A etress vs. strain curve 
was plottet -_ the physieal duarpcterin¥i as of 
the materiel was commuted as shorn in Pigure (2). 
one meterielwas foun tc Seve the following 
cheracteristics under static eondi tions: 
1. Yield strengt! at permanent net of .0002 "7, » 12,70C pet 
2. Witimete strength of 18,900 pai 
3. @ Blonestion of 20% | 
4, @ Yeduction in ares of 61.5% 
+. Modulus of elmnaticity of 9 .BS x 10° 
it wae firet thoweht thet the testing groceture 
coeld Rest be aypliefi to low cerbon steel eince it 
if if auch common use «pd ao readily obtainable in 


moet any share. it war spon learned that due to he 











ae 6g rm ome 
= Tes ~~ a tees” ab 
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gw wee 





relatively high strength of ateel it wae neccesary 
to ank® the tésting sacking wuch lerger thad it 
rould Heve to be if 1t vere ceed on sote PA tTeriel 
“it lower otrengt) charweteristices. 

Fleetics were then coneidered as o waterial 
that might be tested, but it een leerned thet 
the ants tveat could ve obteined frow strein enges 
would be limited. Thies is true since the electric 
strain gage ie only capable of indi en ting strain up 
to 6 certain limit, at #hich time it will either 
vreak or the bond between the paper and material will 
senearate. With thie tn mind, it #111 be ciple 
to set thet +hen « onterinl such an plastic with = 
very lov @oivlum of elaeticity is londed it Would be 
possible to reach the limit of the strain esre nd 
etill be well below the elestic limit of the mmterial. 
for this reason plesticr rere not assed os & material 
for the teste because 1t wemmed advisable that the 
resslte of the tests siould give dete pertaining to 
the behavior of the waterial up to the yield apd 
as fer beyonl ws the otrain mage Fowld pereit. 

it ene felt thet ume of 28 sluminw: reprepanted n 
compromise betreen that of steel ani plaptic, in 
‘thet it Would yield the desired type of data without 
requiring @ lerge ploece of testing snferetus. 
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¥ APVASATYUS 


& iieacl saci 
The ##lection of the type OF attieretue used 
for Gynarically losfing the specimen wae mate by 
earefully coneidering weveral wethods. The teeieion 
wee first cade that the sachine ehowld posrores 
the following 4eetrabdle characterietice. 
1. gdeyupte speed control within the limits 
of 100 fps and SOD ine. 
S. Cenedle of loading specimen in tension. 
«Tt whe Believed that loofine in this aanner 
” whould yield reslt® that cold easily be © 
ss eompared te ell extebliehet deta on seterial 
i“ Ghusraeterietios under static lomling conditions. 
®. Gintle in degien. ‘his war necesenry since 
ehon facilities would not permit tNe desien 
of complicated verte reqeiring the use of 
bigh preetsion equipment. —— 
4. Baht Sy benehy ind rebatrine Lave seen. 
= Chit reeGlresent whe necessary in order that 
ss thie machine may be exeily transported ant 
— geweetbied Mthin te sonfines OF the Laboratory. 
Some of the lonSing mathode under consideration wera 
ex follort: " 7 | 
8) Frojpetile propelled ly an explosive charge. 
b) Prejectile propellet by cosmresceé weir #* Shom 





in Figure (2). 
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ec) Prolectile cengelled By a rotating wheel 
ex sheen io figwre (5). 
4) Poraedé Sameer telonsod [roe « To tating 
aanver ce shorn in skete> (4). 
in gen@rel the type af lneding which Genends 

upon @ projectile for Wwe Breating everey toe aot 

lend iteeif well to tenaion lop@ing fines the impoct 
force aust be transmitted in a Lireetion® opposite te 
ené slong the save pati ae the poring projectile. 
‘This har the Ciestventegs of requiring » complicated 
comling between the paint of direct impact aud the 
‘end of the specimen, end furthermore, it introdmeee the 
poesibility of eecentric loafing on the #pecimen. 
Anotber chief Giendvantage of the srojectile is that 

At muet be so proportioned in siew thet it in large 
enomg® to possess adequate breaking OneTgy at the lower 
_Yeloeiti#® an® mt ioe case time de samli snoggh. to 
‘permit ite being propelleé to the Bigher velocitioe using 
We cope apperatue with lieited rower fneilities. 
This eugsest> thet « Cifferent projectile must be oped for 
every Veage of velocity, #11 of mien further com- 
/Pllemteg the ajweratos. A metuod Tor the firing of 

‘® Projectile af controlled epred ia = difficult 
problem chen viewing 1t from the stendpnint of #ie- 
plicitty in cofetrnetion. Speet control within any 


=i 2. 
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degres of scceracy uming wen explosive coerge is 
alsert impossible to obtain and, therefore, 
thig setiot wae discarded of &© povaible choice. 

The eethod Using evapreswed air wee considered 
in detail ond it wae Found that the machine vould be 
too large aff woulda recueire too such in the wag of 
precise esebine work in conneatidm with tre 
fabrication of the cylinder @nd piston air senl. 

The sethod using & proejectile provelied from »s 
roteting wheel war dinceréed because the ball 
projectile had to be aprrosimately 1% inches in 
Sicmeter to obtain the desired etriking enerey which 
requires en exceesively large speciven, wheel, 
race aad driving @otcr. 

It emus finally dectded that the rotating 
device using a forked hemmar, (#5 shown in Figure (4)} 
wes the method of all those considered miich best 
suited the perpose. Detailed design ealevlations 
indicated thet it could be made in one small 
eompact unit, it could »be made with a winimum cf 
@achice tools, and pose@sted the distinguishing 
feetures of baving very good speed control and being 
capable of loading & srecimen in tengion. A sinrle 
an$ direct comple between the point of impact and 
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the mod of the epecinen coold sagily be devised 

by uging © rectengulat block teresfter eslled @& tuw 
which is altecbed Girectly to the Lasded ew of the 
eneciaen ane whic® reewives tha itanact blow from 

the forte’ heomer. Tata ie tliestrated in “ivare («#). 

Tne deeign of the emchine whlel wae Tinally seed 
wen vacedé on the premice timt 1t would Se 4Paven by 
am Sleetrie, direct crrrent motor with ow wide renge 
of wpeed control. # moter of tmis tyre mas avadiable 
go it wap decided that it comld be weed. his chaice 
therefore, a diameter of § feet wee usec. “hig sade 
the distence between the center of rotation and the 
center of impact eGeal to 14 ineher, The Linear 
relvticnehip beteeen the angular velocity of the | 
member ani the otriking veleeity of Beamer ome then; 
Revolutiong per Winute » 0.1071 = foe. Veing tao 
to on® pxliey confection hbetwese the aotor and the 
Fotatsng mewber nl lowed & pos@ivie velocity range 
of 37.5 foe to S60 fpr. 

The spparatoe horn in photopraphe & to & ree 
Geviret ar the best solution to the problew from the 
standpoint of sieplieity in operation ant eonstrection. 
It comeieted to » 3*0O.D. = b" wall steel tube through 
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whieh the striking Dumewr conld e1i46. The 

eechanios for releasing the hbaamer coneliseted of 

a ring @g6ipped #1th slole wich engaged « pin 

mountel in the homer ag show in photographs O ope &. 
Thie ring me wade with a projecting lug shied engaged 
SUPA OSL. eee 
Se.cemeneh Seton, Ane lett Be, See 
wan made, the Fetaying mereeeR? of the tube | tube fureed 
the ring to rotate about the tbe end Wun séiease 


the bamer, The haurer was to De propelled ty 
nine erent 
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by slaciny thet end net struck by tye henner 
inte & wlot as show in phitoeragh F. The 
eowneetion betroen the tor abt th Sheninal was 
mofe au stown in photoreraol F in order that ie 
striking force would be tranemitted fram tbe tup 
to the Specimen uniforely, thus elisineg ting any 
poetibilitr of specimen fracture ot that point. 

It seemed mdviewhlé to have 0 s@mll initial 
lost? on the erecinen in order that it might ve 
properly esate’ in the helder elot on4 in the tip. 
This eae Actomlisnthed by means of & Rbring loeded 
bell cran® on either cid@ of the tur as shown in 
pMotographe (B) ane (PY, al 

he rotating tube eas keyed to a sheft which 

war Bounted in ball bearinge Gn) comple? to @ 1 1/4 B.P.; 
1X0 Vj HOO to 1800 BFW D.C. motor equiped s1th— 
& Bovwhle armeture epeed control. The driving cowle 
between the grenture and the shaft consteted of o 
“Vv” belt Grive with a pulley retio of & to 1 from 
the eotor to the aheft. The direetinn of this polley 
ratio ee TeverseA et the lower epreds. 

Afver the esehine, ap ortginaliy 4enipnred, 
nad been constricted it wee then pubjectsd to « perine 
of tents to detersine eet how it weal4 etend op 
under overoting confitionr. 
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ihe wechine wae firet teated to inventieste 
oll cposeibilities of eieslignment and Gestract ive 
vibretione. Thie war done by Firgst @riving the 
machine very slowly end then erediuplig inereasing 
the aspwed up to 1000 MY, teting notion of the 
cechine's response to en iferespe in speed am any — 
irregulerities that cecurel, This test proevad 
that the machine was properly alignel ano that the 
rotating uenber was belaneoe’ woll enousd to reduce 
troublesome vibrations. 

The second grour of tepte was sade in order to 
determine hew the tripping @echanivm and the Sener 
would etend w wider operation. Thies test wae re- 
pested fowr tiwer at low speei renging between 26) 75 
theme tests. These tests clomrly indicated that one | 
Sechenical weakness ts inherent in thie tywe of | 
@echine; newely that the pin holding the beemer in 
Place in the tube slet must be monde ouite ler-ce and 
ve msde from « high grade tool steel. The pin thet 
‘Ras oped Wee mace fros 4/6" Aiemeter drill rod, dat 
‘Pts Hudject to bending when tre hammer wap tripped 
at @ speed of 560 VIN. It was Slee lewrned thet ihe 
ring which holde the pin in place and which tripe 
the hammer eae not able to elthsiand the impact blow 
iapartel to 1t shen the tripping pluager ¥o4 relnaeed. 


-i7~ 








It was fo@ewhst distorted in the area erownd the 
end af the slot where the ring be@ driven itselr 
Sfainet the pin. The screw show in aloterruoh (05 wee 
cleced in the tube in such a s#nner that 1t would 
Dear Sg@Sinst the tenered edge of the ring. It wee 
believed that the ring would wedge tteelf between 
the scraw en the welded shoulder on the tube end 
thus prevent it from turning past the oolnat «here the 
ring could de struck by the rin. This ecrer wae ts 
further serve the purpose of securing the ring in « 
position after impact in orler that it wouldn't spin 
around and engeye the trip plenger ogein. 

after construction of the machine had been 
completed, it had virtually the seme form a8 dercribed 
above With only slight modifiemtione. The hasagr end pis 
were rebuilt in euch @® manner that the weight of the 
hemeer vex reduced by about 258 and the crows weetional 
area of th® pin wee inereesed by 27). Me pin wan 
made from SAA 4150 steel, was somked for 2 houre at 
1575°7, quenched in water end tempered et GooeF 
for two hours. The hamser and tup were made from 
SAE 1046 soaked for © hours at 1578*0, quenched 
in o11 and tempered at 400° for two hours. The final 
ebepe of the Neemer and pin ras as sown in Fiewre (6). 
The Tife wae not rebuilt becaume it conld ve sande to 
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ASTRM Gry Figure (7) 





The problem of inctrumentation cresented 
wee to device 9 aatlod of recording the #train- 
time Treleticnwhip during impact at several 
points on the specimen. Slectriogl #train 
gages are the only gag@s aveilahle with the 
ingtenteneous response required te sceurgtels 
indt cate these strain chamres thet oecur in 
intarvoele of time @meagured tn sicro-seconds. 
(Por etmaple, at 200 fos, a woderate lopdine 
rate, asmuring instantaneous veloeity atteined 
by the end of the syp@eimen mith « 1” gage length, 
4t would recuire 9.87 micro-seconde for the 
alupinwe sample to exceed ite yield strain. 

The actual time required is of couree actweliy 
Longer, but ho® auch longer no cone knows. ) 

Cf the various types of electric gages in use 

the resiotence type wee selected for ite com- 
pactnass, Gisplicitr, expendabdility, and sveil- 
ability. The type O8 gage was selected as tie 
shortest (1/8") gage length commercially abteinable 
euited tm dynamic sort. A #ix channel General 
Flectric etrein gage amplifier received the oo 
cyale gage signal through the mbdelanced voltose 
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of a Shesetstone bridge. A foqm siege gerlifter 
incr@aeé@t the elichals Featiltied i+ ese fat it inte « 
eis channel SOenerel bleetric Crchllograp! trpe 
PB-10-E2 with Ligh wowed canmern ottache® io record 
the gulvanometer traces. The galvenometers 

were single element G2 type rith « frequenoy 
response of about S000 cycles. the wagasine tyye 
film Solder yor eset to tebe advantage of the 
highest pesaible file speed, 1270 BEM, whieh 
corremponted ty 1270 fom or 204 inetes/sen. On 
wgch # time scale each inch correspynded ta &.94 
Bllliseconds. A Heplett-lectard Sedei 262 0 
Acdio amplifier was used to fee8 a timing wove 
into the gelvenometer at 400 cycles, The set-up 
ae finelly used ig shown in figure (7) and | 
Photogrepn (H). i 

_ —- utommtic xynehronixetion af canara sspemsre 
oak epeeinen THp inte MES o probien wbioh was nat 
Solved and. waa avoiged by manually opening the 





“eumara shatter just priox to applying the Amoaet 


Load end closing it immediately thereafter, 
Careful vening of bridge cireuite was important 
478 ZOWA Ss De Sageswary qyetz see ahuctay ne She 
bridges Grif ten off taigave, s 
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anec® fmse® eifouit eee calitreted a«leetri cally 
by plecing « knowm renmletence tn pareliel with 
the strain ase@@ end noting the displeen@est of the 
gelvenometer vom. 

* wecheniceal stemm<turbine techogesater wae 
weed to measure rotational speed of the sheft 
upon wiich the rotating hear ear meounted for 
computing striéing velocities. 

Qne important innovation in the inetruman tation 
wan tbe application of tee strain pages directly 
to the sample at the forward and rear ends of the 
reQueed section (dee photograph (F)). It had 
been the custom tn the gant to gount thé gages on 
en adjacent section which treasmitted the impact 
load to the speciwen. his practice saved etrain 
@ades and 414 indieate the load being applied to 
the end of the specimen, out it geve no indication 
‘of toe strain ané stress Gietribution during impact 
in the species itself in teras of position reletive 
to point of lomi application, it wae boned that 
direet measurement of atrainetime curves of pointe 
oh the specinen would provide » basis for anelysis 
of non-id@e1 ispsect. A third C-5 gage ras om ted 
om the holéer of the fizel ant of the specimen 18 an 
efiort to deterqine correlation of readings on thie 


uné the direct mounted sager, 
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1. The etrein seeer were can@nted tae the 

mangle at the de@ctred pointe ana, after A4rging, 
were spanted in toe tun ani fired holder. 

&. The Geet ciremite were completed weing 

poloere’ conmmections to phielted leads, taking 
care tliat leads cere clesr of hamnrr. 

5. The bridge cirevite were belwnced with awepltfier 
pheee anc amplitude adjustments starting &t lopest 
attenuntor setting and working up to #10 emin 
setting po that @iniwwm equilibriwe current roe 
Tlowing. 

6. 411 epee cireuits were calibrated with) morn 
resistence in teres of wmicro-inches/inceh per om, 

of gelvanometer beam Geflection. Weed 5 ohm 
Halvenomoter innut repistance. 

6, ith ceeere sotor w to speed tie timing weve 
wee réecoréwi by use of traneient ehutter control. 
7. impact sachine wee started and brounbt uw to 
éerire! meet of 360 MPY as indicated hy tachometer 
by aijueting armatare epeed control of sotor. ON 
thie run GOVUC was ued to enerelae the mp tor from 
© sotor-fenerator converter set. 

6. deep Voltec® on oaclllipgran® me fet to eA viaue 
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TIE TePRITLAPI Ties IF 
TESTins 

The Behavior of the loafing sachine 
durlar ell of the teste wes observed and 
the following mechenical eraknesees were 
found to erist: 
lL. The pin which is @ounted tn the hammer 
and which slidee elong the slot in the tube 
whe gubject to s brittle fracture close to 
she center. This failure took plaee at the 
highest tegting velocity of 187 fps. The 
fracture took place at a point where s emell 
queneb crack existed. It is believed thet 
this wonkness was largely e result of fully 
herdening the pin. 
2. The triprine rine ras mubdjoet to distertion 
during every test. ‘hie wemimesn if >lsinly 
& remnlt of too soft & greie of steel ena 
moor design. The stem thet wae proritel ree 
fot adegeate nor war the ring mate to efficiently 
laree dimensions. Thr very nature of the ring's« 
fumetion waken & Tationnl degien eseetiavly 
difficult. 
3. Thé locétion of the trippisy pluneer ene 
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eueh that the heamer wae relemseé in auch « 
rositicn after trippiar thet it etrnev the 

top of the tup before wubine « Complete revolutiosg. 
Ovidence that this occurred could Se seen eher 

the speciaen wae inegected, since large marks 

were fowd in the ton end «hare the tap hat goucet 
into the epecioen as ® remelt of an irreguler 
losling eanditicn. Thin is slew evidenced in 

the photographie oscillograph trace (obotograph J), 
by ihe «mall undulating simal ehich ¢iminishes 

in macnitaude a@ if the specimen fer@ otruck and 
allovet to damp owt ite own vilration, It =111 be 
noted that this trace is tht name on both channel 
#1 aud (2 which received the sigml frow the 

facts ov the specimen, hie irre@ularity wae a 
rewult ef poor desien eines the slunger eonld wel) 
have been placed beyond the top to avoid this 44ffi culty. 
&. The esetaply which wae subject to rotation at 
high velocity cause’ considerable noire Ane to 

wind r@siatenee avd it war Noticed that the motor's 
«peed control eagn't very sensitive ot the higher 
eneede Jue to this heavy loel imparted te bt. it 

ie believed thet the lur om the tripring rine wee 
lareoly reeponribie for the wind friction enerounteredt, 
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ihe tlie lee could well teve teen oade «2 littie 
shorter. 
.. the tup-end of the epenieen ree etibfect to 
sooe bending et the velocity af 1B7Zps eontly 
due to the blow it rec#ived when it Wee caueht 
by tbe Bos of cotton waete ani rags. The box 
shout 6 inches deep, wasn't deer enough to 
cushion the blor préperir. 
&. The ende of the slots in both the rom e216 
the Remmer were subject to a empell annitn't of 
upset as s remult of the impact received when 
the oammer was throen gut. This eould beve 
been minimised by oroviding @ cushion at the end 
of the slot. | 
7, The besring wupper't clenn@l to which the top 
ent attoched wae pubjected to more lateral thrust 
than was anticipated due to the ringe so veeent 
ebout the tube. The chenbel see forced outward 
énciueh to cation some clesreance between the 
shoulders on the driving ehbaft and the bearing rece. 
This 16 Beriowse decauee the tbe aseewbly mi-ht 
Sove fer enowl in & lateral direction to caurr the 
specinen holder to be struck by the bauer. 
8. Sliminetion of rantoe cick-tp in the clteuit 
wer not eatirefactory af evidenced by the “000 erele 
sivnel isoreese’ on the recorie! eitenele (rhete- 
granh #). Pully ebielted eff ereintet léeate vere 
-27%= 





used ano al: inetromemt cheseis vere xrounded, 
horever, it ig felt thet the crecered yplwe-in 
leeds une were eroecrively iom. 

®o. The sanual tripping of the camera ehutter is 
not &@ Satlaefactory @ethod of enomirol since it 
enlised cy@r-erposure of the sero end open cireuit 
lines on the record. It wae necessary, due to 
inability to devise a satietdictary synchronising 
m@thod for camera expopure in the time ellomed. 
10. mder-voltage on tne llamo in the oscillograph 
may bave been the cause of the faint rupture track 
obtained on the film. TAte was Gue to a ahorted 
rheostat control on the oectllograph for ehieh 
lly ‘The timing wove failed to appear on the fils 
record due to the width of the file deine dese than 
euticiosted. It wan believed that the file would 
record the full length of the visual ecreen, sdout 
8 inches, wWherene it petumlly extended only over 
5/4 inches et the left end of the acreen. 
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hb (Galstdzvating Deadetence) = 141,000 
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Tor 2 eures 
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= 1062 elicro-in./in. 





_. * 671 wiercein. /in. 


Channe) Amplifier Galvenometer Senle 
Attentator ‘“esistnncr (em) 
( Cvs) . 
> iis 5S -~70.0 ~12.0 
: 10 5 -61.06 «= 1.8 
c 10 5 =26.0 21.5 
oifference JA" fom. 
(ym Cb -a) 
467.0 19.0 
+680.0 21.7 
1.0 16.2 


“= 

















Nhe ~s2 
(se) Fhe eeehine constructed Gelivered the 
Ofeired iepact tensile lead at volo@itiag up 
te 195 fps. 
(+) instrumentation weed yielded & who togranhic 
trece of strdin in the epecimen before and Curing 
iepmet wt £7 foe os ahown in photograph (1). 
(¢) Elongation onf reduction of ores at various 
velockties for 23 slwiinum are noted below: 


Specimen Feloaity of Sature 
(2@@ Bhoto. 3) lomiing (fps) of fraeture 


a O (static) ragged coneave 
c 57 perfeet conesve 
b 122 perfect cones ve 
5 189 perfect concave 
: . 
®longetion BLA. 
20 1.8 
a3 70.0 
8 70.0 
£0 02.0 


Semple Caleuletiones: 
Spscicen 'S' (e) & mlone. "hif2-1.00_ ¥ 100 = 208 
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IX i VOUSSLON 


Photogranh (#) 18 © print of the file 
recor’ obteined of iwhact ot &7 fpe. Traces 
4, Bent C gre the sero posktione of the Lormmurd 
end rear euges gowted on thw epecimen and the 
@ege mounted on the bolder, respectively. 
Traces 2 end € indicote the final position of 
A and 4 after freetare while the shutter was 
‘gtill open. A faint trace can be seen of tha 
Dat» of béam A from ite original position to 
Pemition ?. The weve superimpomed upon treets 
is S090 eycle pick-up from the bridge-exci ting 
opcillstor, fhe timing weve wes off the tile 
to the right end would eve appésrei at the | 
right margin of the film if it hed bemm realiged 
that time film did not extend tw the entire width 
of the viewing screen. Fortunately the 00 
cycle corresponds to .0002 pe. nf elapand time. 
The Gistance from trace 4 to © repreeents St 
Sicro-inches/inch of strain end that from } to & 
represents 1226 micro-incbes/ineh. The 
sigmificance of theese figures 16 problematical. 
they aay represent open eircuit veluen of 
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emplifier cerrent, oF, if the tend between gage 
end epeciaen [nailed before the clreuit wae broken, 
they may represent recidual strain in the cage 
after the imyect los’ wee applied. st any rave 
it cen be neem that the gaye wer reenrding Lepr 
than ¥O0 micro-inehes of strain m full .0Ol of 
& feeond after impact althoush at 57 fpe the hammer is 
treveling 0.68 inmebes in that time, or more than 
the totel elongation observed. 1% sould seen 
that either the gage te giving «© felee regding or 
rapture is te¥ing plac® eat congisershiy below 87 foe. 
the letter is the wore litely e@lgnation, A third 
alternative in the powribility thet galvanometer 
regpons® if not Tapio enoah to ecourately treet 
the pignal. The tnertia of the Witor, hovever 
sopll, i9 finite and with an extremely rapid eiqmal 
it may tend to spre—d out tha signal along the 
time scale. : 

it is pormible that too high » value of. 
amplificgtion as used thus reeoriing only the 
Tivet part of the actuml trace Before caming to the 
ligdt of amplifier outenot. Decroesing gein would 
sacrifice aceuraay of resiingt, however, and thte 
ig «© factor to be Qoneicered. 
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seither trace ? sor © give @ vielible trace 
due poaesibdly to « Isulity rheostet on the 
cecillograph wmiied lind ted voltage thet gould 
he applied to the lamp eeurce oF Light. it 
is pot ctrthin wat trace C, the gare on tre 
ate) boller, would have giver eny noticeadle 
re~life undér ang sonditioa. 

The caleulatione given in Figvre (8) and 
show gruphiesliy in Vigmre (10) result from 
anh epplication of the von Karwan theory to the 
Calculation of critica] velocity for the 26 
aluminum. This value is shout B65 fps. Aaceording 
to thm theory sumamrized earlier, at impact 
velocities greater than 36 fps, fracture ehould 
be characterized by small totel elongetion. 
Figures (11) and (12) show thet experimental 
Gate chtained at bigher hammer velocities 
shove greater elongstion than under static con- 
Gitions. This indicates apein the poseibility that 
6 coisiterebie 4ifference may etist betvetn hawner 
YOlocity Upon impact ano trae velocity of the 
end of the sample. It is obvious that the velocity 
of the end cf the seeple aust aecelerete from 


£@ro to af uidetermioved value at Trecture ao teat 
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ter purely Useoretionl case of inetan taneous 
ottalneset of velocity ten only be angroamched, 
ena aHealys@c of Fepulte suet be meade ite this 
in eing. The exmat reletionshio of bamner 
velocity em) soeple velocity te tt vuaknows here. 
Syeh wore rork ie nended to clesr thig ap. 

Algo of interest te the location of the 
point of freetare on We gaeple tereted at 139 Ine. 
(Rpecimew S, PRoto 1). The feet that 1t broke 
aray from the moving end and haw etrone evidence 
of doublvenecking might coweidly ve explained 
by the reflection and siuger-porttion of #trese 
waves. The double-necking phenomena bes been 
reported in previous work, 
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x Cowcnvarens 


ihe autrvor® are aware toat dafint te 
conelugions catmot be basé) Boon the emhli 
iigtber of tegte that Reve Geen perforeed. Sor 
ever, the results af this imvestiention seen 
to indicate thet tha following facts way he 
used as a basis for further investies tions. 


1. The besic princigle of tft loedine machine 
veed im thie inveeti#aation ie sound an? mer 

be extisfectortly aprlie? to tmrect teetine at 
Velocities mm te et ieeet 200 feet per second. 


2. The use of en @leetrical rerietenee type 
Strain gnge, together with « enernl Heectrie 
Type PY-10-82 Osetllogragh for recording strain 
during impeet is probably limtted to velocities 
under 100 feet per second. 


BD. Aluwpinue tn the 2° fors te wore Juctile 
when londed et homeer velociticore up to 100 Ire 
then it if onder etatic conditions. 








AL Sewell TIC“Ns® OW PUTURE WE) 


lugee@stions for futere wher’ tm the Tiel# 
ef hteh velocity imonct are fivided into two 
groupe, namely, on® group whitch inmeludes 
rugrpertionge pertaining to medificationes of te 
testing procedure ant apnireti uged in this 
inveslipetion, a6¢ another eroun ehict relete 
in & ¢e0ere) Py te Turther emerimental protecte 
in the subject. 
A. Sugyeetions for teprovewent of the exteting 
apperetis are es follows: — 

1, Sake the FING, Ranney, pin, tripping plunger 
and tup of the highest grede tool eteel evelisvie 
ani wake cartein that tle fintehed product is — 
bant treated to yield the prorer balance tetenen 
a> streneth and toughness, : 
 -B, Redesign tlie Daser, pin ahatig to provide 
for the terrific londe imparted to ther, Wetns led 
‘Gesi@t of theae parts 6% storm in Picure (4) ir 
“FecommendeA Tor trial. 

«8. Pisee tripping plonget avewably as fer forenrd 
a? Dogsible te avoia tripping heswer too enon. 
4, Provide leteral bracing for the bearing eupnort 




















-w- 








on tam side tq whieb the trioniovy olunrer assembly 
Le gttecbed. Thio bracing #211 cares the thrust 
Beatesd BP the tFifviae Ying an 1% tarne ebout 

the tobe. 

& Shorten inetrumont leade tc eiviews leneth 
ond prowl at toth emda. to @lisinate nick ap. 
Podsibly isolate® oecillatote aoy improve rituettion. 

€. Deviee an electrical trin for the heer 
actuated ty the oectllopraph traneient control 
| eWitsh to synchronize automatic com@re exporore 
with teneet, oF use cuntinwours recor? file, 
%; «Handle strain exg@ lende with ertreme care 
to wlieinnte growling on somple holder or 
interference with hummer, Sestah tape will hold 
leods ip piece, 

HA pawl) GLC. generator nowted on ond end 
of the usin Pheft of the imphet machine could be 
“Meee to Elve & contiquour reeors of rotating 
speed on the file é@f properly eslibrated. this 
“Might be Usefcl In Investionting bomer-tup mend 
relation@hip, or in detevsining enerey values, 
@. Cen 6 inah width file for recording te allor 
BArinwe eePlitase for simain. 
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1O. vonelter extending length of aaaple 
by Goving otetionary Dolder eeay frog tun. 
Wotld Gabe it possible ty os0 lareer oeege 
losfing er@a, would Taciiitate mowmting shecinen 
by making lt winecewsary to Doce eagee throurh 
elot in Bolder, o62 wo\lt make it easier to 
detect “ave phenomena by incrtaring 41s tance 
vetwoen sages. 

ll. SeTt ea arid upon reéuctd s@ction of Shane 
and fegeure veristion® in spucing after tapect 
to oltein better overall picture of plawtic flow 
aim Gifferent perts of the section. 

12, Uge timing curve of # frequency to give 20 
eyoles per inch of record Film. 

1B, Ooneider stepping up pulley ratio from 
Camere Motor to camerg to obtein speed greater 
than 1270 ft. per @inute 1th eaearine file. 

14, Use super-sensitive File to obtain more 
pogitive track. 

1s. Use following settings on inetrunente: 

(ws) Attemnator setting § or 6 om amplifier to semp 
strain recor’ within limite of Tile. On steel 
mowited gage vee mexinue gain. : 
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(8) Seailitviue current leer then 40 es to 
svoid stenel paturation by owplifier. 


(o) Aeatptanon meting 8+ om quivaneneter te 





- ating” ad _ as ae 8 


‘ . a bs . ’ 7 cm 
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ee we 


> Pb wow 


1. Coisider « fotating Gerice eith « firel 

hesewer thst clears the fisted specioen wntil « movable 
ton TEL nee nto PoRi tion to epmee the hemeer to 
engage the specimen. This wee ted as feseri bed 

in reference (10). 

&. try eathode ray cactlloscops to obtein Bont 
Senvitive reaponse and use high speed sotion 

ploture ca@era for recording reeord, 

&. Seecré gage signals on meynetic tape or tre 
recorder end play Uece at reduced apeed for fila 
record. 

4. Sxperiment «ith brittle lacquer, determine ite queli tative 
Hoeribilities im the region of brittle fractures, 

©. Ure high speed zotion pictures camera on specimen 
dering impeet to determine nechahieow of frecture. 

&. MEVice m@chenicm to record velocity of tup verrus 
time Goring fracture, Might be done by uwing coil en 
tap an’ = etrong sagpetiec field eround it, or oy 
Sleetro - magnetic gage tn todlaste 4isrlecesent 
vereue tise. This would give @ sotitive record af 
true velocity of end of specinen. 
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